ABSTRACT Part
III. RESULTS AND CONCLUSIONS
Am240 undergoes electron capture with a 50 hour half-life,2 9 3
Am239 undergoes electron capture with a 12 hour half-life and Cm 238 emits 6.5 Mev alpha particles in <10 percent of the tran~ sitions and decays with a gross half-life of N2.5 hours. 4
Chemically these elements represent the sixth and seventh members of the actinide series and experimentally their most stable oxidation state ,in aqueous solutions is the plus three, Americium may be oxidized to the (VI) state with the most powerful oxidizing agents such as ceric or argentic ion, while curium is probably not oxidized or reduced in aqueous solutions.
In order to work with the small quantities of materials usually produced in bombardments (in the order of 10 8 atoms), methods such as coprecipitation with a similar element, in this case a rare earth such as lanthanum, solvent extraction or ion exchange techniques may be used. A summary of the compounds with which americium and curium will coprecipitate and the approximate percentages of carrying is somewhat as follows~ rare earth trifluoride; rulOO percent, rare earth oxalate, ~100 percent, any heavy metal hydroxide, ~100 percentJ -7-zirconium phosphate, N10-20 percent; rare earth iodate, 100 percent; and zirconium iodate, N20 percent. The ions of these elements form more or less strong comple~e8 with carbonate, high concentrations of chloride or hydrogen chloride, cyanide, thiocyanate, citrate and tartrate ions and organic chelating agents such as thenolytrifluoroacetone (TTA) and versine.
With these facts in mind the present work was begun with the object of investigating as many of the decay properties of the known neutron deficient isotopes as possible, and of finding any new one available to the present chemical and physical techniques in order to correlate the data with the existing concepts of nuclear decay systematics and general energetics of this region.
II. EXPERIMENTAL METHODS

A, Bombardment Technigues
The targets used in these bombardments were similar to those previously used; those used in the 60-inch cyclotron were the "pistol grip" typel5 and a double platinum foil envelope provided with a filtered air leak was constructed for bombardments in the 184-inch cyclotron, In the, latter case the envelope was prepared by fold~ng a piece of platinum foil and welding the edges, A copper tube was soft soldered into the side of the envelope which was to be away from the beam~and the tube led to a small filter which opened to the cyclotron vacuum during bombardment, After the material to be bombarded was placed inside the remaining edge was clamped between two copper blocks, Alpha active samples were volatilized onto platinum disks and examined with the 48=channel pulse analyzer first described by Ghiorso at a1. 2l and since modified by A 0 Ghiorso in this laboratory,
The beta particles and conversion electrons were counted in a windowless proportional counter whose threshold and counting efficiency were determined by counting samples of plutonium which had various amounts of pu 241 and pu239-240 in them as determined by mass spec~ trographic analysis 0 The counting efficiency for the electron capture process was assumed from these measurements~ and others22923 to be 60 percent in this instrument, This value was used consistently for lack of any method for determining the efficiency of counting an electron capture transition 0 Experimentally under these conditions an alpha disintegration is counted with 100 percent efficiency since the recoil nucleus from the alpha disintegration has sufficient energy to cause an ionization pulse,
The ratio of electron capture to alpha particle emission of several isotopes was found by dividing the disintegration rate measured in this instrument by the disintegration rate of the alpha group or groups attributed to the activity in question. The latter rate was determined in the alpha particle pulse analyzer described above. The partial alpha half-life was found from the gross halflife and the ratio of electron capture to alpha particle emission.
Since both calculated numbers are dependent on the counting efficiency of the flow counter, the results listed below are only as precise as that number. It is probable that the errors from this source are smaller than a factor of two.
The gamma and x-radiations of some of the samples were studied in a sodium iodide crystal scintillation counter which was attached to a 20 channel electronic pulse analyzer. 24 The counting efficiency was calculated from geometrical considerations only. One of the isotopes examined (Cm 240 ) was studied in an ionization type fission counter connected to a recorder. This instrument is described elsewhere. 25
III. RESULTS AND CONCLUSIONS
A. Am 240
This isotope was observed in every bombardment of pu 239 and was produced by the (d~n) and (a~p2n) reactions. It decayed with a mean half=life of 53 hours and its decay was accompanied by electrons and x~rays~ but the gamma ray previously reported 7 was not observed in any large abundance. The upper limit for any gamma ray of energy greater than 0.7 Mev may be set at 1 x 10-4 per disintegration using assumed counting efficiencies discussed above. Alpha pulse analysis of samples containing this isotope are not conclusive as regards the possibility of alpha branching since the alpha energy in question might well be nearly the same as that of Am 241 and would be obscured by this alpha group. Am 241 was present in all of the samples since it continually grows from the small amount of pu 241 present in the target material. From the absence of any decay of the alpha peaks including the 5.47 Mev energy region, the limit for the electron capture to alpha emission ratio is calculated to be 290 which cor~ responds to a lower limit of 1.5 years for the partial alpha halflife. This is in agreement with expectations for this odd-odd i·sotope on the basis of alpha systematics. 26
The limits for the alpha energy region around 5.6 Mev are much lower~ 5.6 x 10=5 alpha particles per disintegration or a minimum alpha half-life of 100 years. The disintegration energy expected from mass conservation is 5.6 Mev.
After one sample had decayed for a time it was examined carefully in the alpha pulse analyzer for alpha particles of Cm 240 (6.26 Mev) and since none were observed, an upper limit of the decay by ~ emission of 2 x 10~5 per disintegration was determined.
B. Am 2 39
--
Produced by the (d,2n) and (a.,p3n) reactions on pu239~ this isotope decays with a 12 hour half-life by orbital electron capture and alpha particle emission. Ten percent or more of the electron capture disintegrations are accompanied by a gamma ray of/0.3 Mev as determined by the scintillation counter described above.
Pulse analysis of the samples of americium show several alpha peaks as seen in Fig. 1 and the peak at 5.75 Mev was shown to decay with the 12 hour half-life and hence is assigned to this isotope.
From simultaneous analysis of the decay curves plotted from the proportional counter data (see Fig. 2 ) and the alpha disintegration rate determined with the pULse analyzer, the ratio of electron capture to alpha particle emission is found to be 1.6 ~ 0. -15-
,. but sufficient to yield a large (d,3n) cross section), the short half= life component obtained by subtracting all the longer lived activities decayed with a 2.1 hour period (as shown in Fig. 2 ). When the alpha pulse analyses (one of which is reproduced in Fig. 1) were examined, no group above 5.80 Mev was seen and the lower limit for the electron capture/alpha emission ratio was set at 1.6 x 10 5 , corresponding to a minimum alpha half-life of 35 years. Because of the time limitation imposed by this short half-life the samples containing this activity
were not examined with the gamma scintillation counter.
D. A:m.237
When pu 239 was bombarded with 30-50 Mev deuterons the short half-life observed by analysis of the decay curves shown in Fig. 3 was about 1.5 hours. Pulse analyses of these samples (Fig. 4) indicated an alpha group of about 6.01 Mev which decayed with an Nl.3 hour half-life and since no alpha particles were seen from Am238~ this activity was assigned to Am237 on the basis of the alpha systematics. 26 Assuming that the (d,3n) and (d,4n) reactions had equal yield at these energies so that half the number of atoms decaying with the short ha+f-life were Am237, the electron capture to alpha emission ratio is calculated in the manner discussed above to be 1.1 + 0.4 x 10 4 which corresponds to a partial alpha half-life of 1.6 ! 0.5 years.
These values are the average of two determinations and the ,limits represent the maximum deviation instead of the probable error.
E. Cm 24l
This isotope was produced by the (u,2n) reaction on pu 239 with heilum ions of from 22-38 Mev and by the (p,n) reaction on Am 241 .
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... A fraction of the curium isolated from another bombardment was deposited in a photographic emulsion and allowed to decay for two days before the emulsion was developed. Five events consisting of two coincident tracks were observed. This number was consistent with .
the amount of activity of Cm 23S and branching ratio of Pu 234 .
Since all curium isotopes of mass number 239 to 243 decay by alpha emission to daughters which have long partial alpha half-livesj it is highly improbable that they would produce even one double track Since americium has an odd number of protons (95) and the last proton is presumed to be in the highF.!st nuclea.r level, the odd-even alpha emitters, Am 243 ,241,239,237, must emit a particle which comes from either splitting the last pair of protons or taking the la.st pair and leaving the odd one in an excited state, or in some other way forming the alpha particle from unpaired or deep lying nucleons.
Under these conditions the most abundant alpha group is usually hindered in the transition in that the available disintegration energy is not fully utilized or the particles must be rearranged~ and the result is a lengthening of half-life for a given disintegration energy.
The half-lives mentioned above ar~ very nearly those which would be expected for unhindered transitions of ~he same energies so it may be presumed that the most abundant group represents the case in which the alpha particle is formed from paired nucleons and that the measured energies are lower than the disintegration energies by several tens of kilovolts. In the case of Am 241 the alpha particle fine structure has been investigated and these conclusions seem justified. 28
In addition,. the groups must be represented in roughly the same abundances in the various isotopes since they all follow a linear log half-life-energy relation, and any large change in abundances 
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APPENDIX
Separation of Americium and Curium by Means of Ion Exchange
Since the best way to separate elements as chemically similar as the actinides and lanthanides has been by their selective elution with various complexing agents from sulfonic acid ion exchange resins~ a more thorough study of this separation was begun. The choice of citric acid as eluting agent was somewhat arbitrary but it was chosen since most data had been collected with that elutriant and successful separations had been brought about. 29
The resin chosen was Dowex-50 cation exchanger9 spherical form.
It was chosen because of its high capacity and apparently good kinetic properties. 3Q
The first experiments were performed at room temperature with a column 10 cm long and 2 mm in diameter with ammonium form r,esin which had been graded by alloWing it to settle through water. The fraction of spheres which settled about 1 em/min was used. It was found that the fastest successful separation was performed with a flow rate of elutriant of about lA/min under these conditions and even then there were evidences of nonequilibrium such as "tailingii of the peaks in great deviation from the logarithmic form expected. 3l
Since some workers had veen ve~ successful using columns run at around 100 0 C~25~26 it was decided to investigate the distribution 
